r/-L2,5-Dimethylbismolyl)manganese pentacarbonyl (8) has been obtained from the reaction of 1-phenyl-2,5-dimethylbismole with lithium followed by BrMn(CO) 5. Heating 8 to its melting point causes the loss of CO to produce (r/5-2,5-dimethylbismolyl)manganese tricarbonyl. Compound $ crystallizes in the monoelinic crystal system, space group P21 (No. 4) with a = 6.838(2) Pt, b = 6.424(1) ~, c = 15.787(4) ~, /3 = 95.68(2)*, V= 690.1(2) ~3 and Z = 2. A full structure has been determined and is compared with those of analogous compounds.
Introduction
Heterocyclopentadienides of the Group 15 elements (1-5) are versatile ligands towards transition metals [1] . Mn(CO)5-complexes (6) , in which the heteroatom is ~71-coordinated, are known for tetraphenyl derivatives of 2, 3 and 4 [2] . Similarly Mn(CO)3-complexes (the heterocymantrenes) (7) have been reported for derivatives of 1 [3], 2 [4], 3 [5] and 4 [6] . The absence of analogous d6-Mn I complexes of bismolyl (5) makes their synthesis desirable in order to complete the series.
We now wish to report on the preparation of (,/1_ 2,5-dimethylbismolyl)Mn(CO) 5 (8) and (,15-2,5-dimethylbismolyl)Mn(CO) 3 (9) . Since there are no prior structural data for (~71-heterolyl)Mn(CO)5 complexes and relatively few structural data on organobismuth transi-Correspondence to: Professor A.J. Ashe, III. tion metal complexes [7] , we have obtained a crystal structure for 8. 
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Results and discussion
The reaction of 1-phenyl-2,5-dimethylbismole (10) [8] with lithium in THF at 25°C gave a green-brown solution of (2,5-dimethylbismolyl)lithium and phenyllithium, which on sequential reaction with NH 3 to remove the phenyllithium, followed by BrMn(CO)5, Anisotropically refined atoms are given in the form of the is,tropic equivalent thermal parameter, U~ defined as 1/3 ~i~,jU~ja*a*a i • aj. b The other enantiomorph was checked with refinement leading to significantly higher residuals (R ffi 0.0756, R w ffi 0.1058). e Systematic absences in the data gave centric P21/m (No. 11) and acentric P21 (No. 4) as space group choices. Counting statistics strongly favoured an acentric distribution. However, since the presence of heavy atoms can modify these statistics, initial attempts were made to solve the structure in P21/m. After no chemically reasonable solutions could be found in the centric space group, solution and refinement in P21 proceeded smoothly without the problems typically associated with space group misassignment (severe correlations, unusual bond distances/angles, poo. r agreement of chemically equivalent bonds), d All of the large residual electron density peaks/boles are associated with the Bi atom ( < 0.8 A from Bi). There are no chemically significant peaks/holes in the final difference Fourier. 
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Crystals of 8 suitable for X-ray diffraction were obtained by recrystallization from acetone. Crystal data and data collection parameters are summarized in Table 1 . An ORTEP drawing of the molecular structure of 8 showing the numbering scheme used in the refinement is illustrated in Fig. 1 . Table 2 gives the positional values, while Table 3 gives the more important bond distances and angles. A table of observed and calculated structure factors is available from AJA on request.
The structure of 8 consists of a near planar 2,5-dimethylbismolyl moiety in which the pyramidal Bi atom is ~l-bonded to the Mn(CO) 5 group. The geometry about Mn is that of a distorted octahedron with the equatorial carbonyl groups slightly oriented towards the bismuth atom. The Mn atom is 0.143(3) A below the plane of the equatorial carbon atoms. Similar distortions are found for Ph2BiMn(CO) 5 (11) [9] and indeed for many main group/transition metal carbonyl compounds.
The Bi, Mn, and the axial carbonyl carbon atom are collinear. The Bi-Mn distance of 2.827(1) /~ is only slightly shorter than that of the more hindered Ph2 BiMn(CO)5 (2.842(2)/~) [9] but considerably shorter than the Bi-Mn bond lengths of the very crowded Bi(Mn(CO)5) 3 (2.88-2.92/~k) [10] .
The bond angles and lengths of the dimethylbismolyl moiety of 8 are identical to those found for 2,2 ',5,5 '-tetramethylbibismole (12) [11] . However the C(1)-Bi-Mn and C(4)-Bi-Mn bond angles (99.8 °, (1) 97.3 ° ) are significantly larger than the corresponding C-Bi-Bi bonds angles (88.8 °, 90.0 °) of 12. It seems likely that this increase in the angles at Bi is due to steric repulsion between the carbonyl and bismolyl groups. It might be noted that a similar increase in the C-Bi metal bond angles occurs between Ph4Bi 2 [12] and metal carbonyl complexes Ph2BiMn(CO) 5 [9] and Ph2BiCo(CO)aPPh 3 (13) [13] .
That the bond angles about Bi are substantially smaller than tetrahedral suggests that the Bi lone pair is essentially s in character and consequently should have a low availability for bonding. This is consistent with the failure of 8 to form the hypothetical bismolyl bridged complex 14 on heating. The corresponding Asand P-bridged complexes 15 are formed from tetraphenyl derivatives of 7 [2] . ~BiMn(CO)5~Bi--Bi~ The availability of 8 allows a comparison of the IR spectra for the series of (-01-heteroyl)Mn(CO)5 complexes (Table 4 ). The v(CO) values decrease in the sequence P > As > Sb > Bi. This trend differs from that observed for the usual dative bonded series (R3E *--M), where the v(CO) values change little with atomic number [13, 14] . The decrease in the ~,(CO) values in the covalently bonded series (R2E-M, 6) is consistent with an increase in the donor character of the pnictogen atoms with increasing atomic number. However, this trend does not appear to be due to any particularity of the heterolyl ring systems since the v(CO) values of 8 are nearly identical to those of 11 [9] . Indeed similar trends of decreases in v(CO) values from lighter to heavier donor atoms have been observed for metal carbonyl complexes with Group 16 [15] and 17 ligands [16] .
The crystals obtained for 9 were not of crystallographic quality. The assignment of the structure as (r/5-C6HsBi)Mn(CO)3 is based on spectroscopic data. Metal rr-coordination of the dimethylbismacyclopentadienyl ring of 9 is indicated by the large upfield shift of the CH-carbon ring signals relative to those of 8 in the 13C NMR spectrum. Indeed both the 1H and ~3C NMR spectra of 8 are very similar to those of 2,2',5,5'-tetramethyl-l,l'-dibismaferrocene (16) , the structure of which shows r/5-ring coordination [11] .
A comparison of the IR spectra of the (-05heterolyl)Mn(CO) 3 complexes shows that the v(CO) values decrease with N > P > As > Sb --Bi ( Table 5 ). These data suggest that the heterolyl ligands become better ~r-donors to Mn(CO) 3 as the heteroatoms increase in atomic number. A similar trend for the group 15 (-06-heterobenzene)Mo(CO)3 complexes [17] has been associated with the decreasing ionization potentials of the free ligands [18] . We suggest that the heavier heterocyclopentadienyl groups are good 7rbases for the same reasons [19] . 
Experimental details
General remarks
All reactions were carried out under an atmosphere of nitrogen. Solvents were dried by using standard procedures. The mass spectra were determined by using a VG-70-S spectrometer, while the NMR spectra were obtained by using either a Brucker WH-360 or AM-300 spectrometer on solutions in CDCI 3 or C6D 6 as noted. The 1H NMR and t3C NMR spectra were calibrated using signals from the solvents referenced to MeaSi. The IR spectra were recorded using a Nicolet 5DX spectrometer. The combustion analyses were determined by Galbraith Laboratory, Knoxville, TN.
(,11-2,5-Dimethylbismolyl)Mn(CO) 5 (8)
An excess (0.5 g) of lithium wire cut into small pieces was added to a solution of 1-phenyl-2,5-dimethylbismole (1.0 g, 2.0 mmol) in 20 ml of THF at 0°C. The colour changed to green-brown and stirring was continued for 4 h. The solution was filtered from the excess lithium and cooled at -35°C. Gaseous NH 3 was bubbled through for 5 min and the reaction mixture was allowed to warm to 0°C. Excess NH 3 was removed by bubbling N 2 through the solution and 10 ml of THF was added. The solution was then cooled to -78°C and cannulated into a suspension of BrMn(CO) 5 (2 g, 7.30 mmol) in 20 ml of THF at -78°C. The brown solution was stirred at -78°C for 4 h and then allowed to warm to 0°C for 1 h. After removal of the solvent, the residue was extracted with 70 ml of hexane. After filtration, the hexane extracts were orange. Cooling to -15°C gave orange shiny needles which were recrystallized from acetone to give 0. 
